
UNCLASSIFIED

AD NUMBER
AD025091

CLASSIFICATION CHANGES

TO: unclassified

FROM: secret

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; APR 1952.
Other requests shall be referred to Office
of Naval Research, One Liberty Center, 875
North Randolph Street, Arlington, VA
22203-1995.

AUTHORITY
ONR ltr, 13 Sep 1977; ONR ltr, 13 Sep 1977

THIS PAGE IS UNCLASSIFIED



Armed Services Technical Information agency
PLEASE RETURN THIS COPY TO:

Aft= SERVICES TECIOICAL IFORMA7TOH AGECY
DOCLWT SERVICE CENrER
Kno"t Building, Dayton 2, Ohio

Because of our limited supply you am requested to return
this copy as so" es It hes served yew porpees so that
It way be made availabie to others for reference use.
Yew -pe~ti-e will be apgrwcioted.

NOTICE: WHEN GOVERNMENT OR HER DRAWGS, SPECIFICATI S 0-UTHER DATA

ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED

GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE

GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER

PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,

USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

Reproduced by
DOCUMENT SERVICE CENTER

KNOTT BUILDING, DAYTON, 2, OHIO

SECRET'I



NOTICE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE

NATIONAL DEFENSE OF TIJE UNITED STATES WITHIN THE MEANING

OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794.

THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN

ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.



HPP:TM 5 (Revised)

o J.._

Harbor Protection Project
Yale University

New Haven, Connecticut

Technical Memorandum NMo 5 (Revised)
(HPP:411:Ser 003)

18 April 1952

Vortex Sweepings

by C. T. Lane

SECURITY DNIKWO ION

COPY NO. 2



VORTEX SWEEPINGS

Reference a
E. Hillnd F. Richtmeyer, BuShips Tech. Rep. No. 51 (1942)

Reference b
i. ramb "Hydrodynazics", 4th Ed. Camb. Univ. Prens (1916)

Reference c
"t. Page, HPP:4OOLP:Ser 003 (23 June 19511
Reference d
' 7T roposal - verbal report by L. W. McKeehan U1951)
Reference e"O-b-o-r6•n-e'eynolet a, Nature, vol i 14 p. 477 (1876)

Preliminary Renarks

The suggestion that the pressure deficiency, created by a vortex

in water, might be used to sweep pres3ure mines apparently originated

in 1942 (Reference aý. This very good report, entirely theoretical,

has not, apparently, received as much attent-ion as it deserves. ibis

may be due, in part, to the fact the report ig very condensed, lacks

sufficient reference to source material and omits a number of crucial

mathematical proofs.

i have, accordingly, re-studied the whole situation against the

basic theory 4Feference b) and rectified, in the Appendix to this

document, some of the omissions. It is hoped that these two reports,

taken together, will form a reasonably satisfactory background of the

problem. In what follows the two methods so far suggested for practical

development are discussed and in addition some turther suggestion*

made.

(1) Page System

This suggestion (Reference c) was made independently of a
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similar one in Reference a. In principle, we are to generate a

cylindrical vortex (i.e. cyclone type) extending from the surface

to the bottom of the water. (Figure 1) That a pressure deficiency,

in comparison with the hydrostatic pressure on the bottom, must

exist follows from elementary considerations. Thus, within the vortex,

each cubic centimeter of the whirling fluid experiences a force

(centripetal force) in a direction towards the axis of rotation.

Accordingly there must be a decrease in pressure in going toward the

axis.

Calculation (Reference c) on the energy required to produce

such a vortex with a diameter of around 200 feet and a pressure

deficienoy at the axis of 3 in. water indicate about I2 horsepower-

hour for an ideal * (i.e. zero viscosity) liquid. Even if this figure

were multiplied by a factor of ten to allow for the viscosity of water

it would still be quite reasonable.

However, in experiments to date, we have been able to produce

such vortex only on a small scale. All attempts to produce them for

instance in a swimming pool (depth ~ 10 feet) have, so far, failed.

The theory is of little help in this respect - it gives us practically

no hints as to how a vortex can be initiated, but merely assumes they

exist and then predicts their behaviour. Assuming that a vortex can

eventually be produced, there is another factor which would be of some

importance. Namely, it would clearly be desirable to either tow or

else cast the vortex free from the generating apparatus. Suggestions

* The hydrodynamic theory applies only to such liquids.

*3FORE'
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on this point emerge from the theory and are shown in Figure 2.

In summary then, the crux of the situation is whether such a

large scale vortex can actually be produced in practice - if it can

the method would appear to be an excellent one for mine sweeping, but

so far the experiments have not been promising.

(2) Aerojet System

This method, recently proposed by the Aerojet Co. (Reference d),

had also been proposed earlier (Reference a). In essentials, it ia as

follows:

A vortex ring (i.e. "smoke-ring" type) is projected vertically -

down below the surface, such that the plane of the ring is parallel

to the bottom. Upon approaching the bottom the ring will expand in

diameter, with its plane still parallel, due to its reaction with the

solid surface. In so doing it will cause a flow of water along the

bottom which, by the Bernoulli effect, will cause a pressure deficiency

there, which will move with the expanding ring.

At first sight this proposal appears most attractive. For one

thing such ring vortices (at least on a small scale) are readily

produced in water (Reference e). As early as 1876 Osborne Reynolds

was able to "fire" such rings (diametero.s 1 inch) in water * for

distances up to twenty feet without very much change in size. Also,

the theory of such vortices (for the ideal liquid) has been fairly

completely worked out (Reference b).

* By using colored water in the rings they were rendered visible in
uncolored water.



SECRET

-4-

However, when we calculate (Reference a) the minimum energy

and momentum required to sweep a mine * serious objections arise.

It appears (see Appendix) that the momentum carried by such a ring

(diameter~ 6 ft.), and hence the recoil momentum which would have to

be absorbed by the launching apparatus, would not be less than that

due to the blast of a sixteen inch gun. In addition, it seems very

probable that the peak power (which Is, of course, quite different

from the average power) required to produce one ring would be in

the neighborhood of 500,000 horsepower.

Naturally this does not prove the method Impossible; it

merely points up the fact that its practical realization will be

beset with some formidable difficulties. Of course much depends on

how far we can rely on the theoretical estimates. No exact solution

of the problem is possible - we are forced, by its complexity, to

use approximate methods. I believe the above figures are conser-

vative and have been at considerable pains to check the formulae used

in Reference a against the basic theory developed In Reference b.

The very large figures given arise, essentially, for two separate

reasons:

(i) In order to produce the required A~for the

necessary At very large vortex strengths are

required. In other words, the fluid must be given

very high rotational speeds. This leads to a large

Assumed that it is necessary to produce a pressure deficiency (&P)

of 4 ins. water for a period of time (•t ) of 12 sec.
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kinetic energy for the vortex.

(ii) This kinetic energy, although large, is

not impossibly so. However, if, as appears probable,

the time of formation of the ring must also be

short ( • -- sea. ) this leads to the very h;.igh

peak power and recoil force noted above.

In other words, if some way could be found to produce such ring

vortices slowly (i.e. in times of the order of secondv) the above

objections would largely disappear. The time of formation of the

ring is therefore pretty nearly the crux of the probl'm., As far as

I can see, no very reliable calculation of ihe tlmt V' formation of

the ring can be made from the existing theory - in Reference a it is

estimated as - -•-' sec. This is a matter of experimentation,
/00

but such experiments must be carefully executed and iterpretated.

C. T. Lane
Edwards Street Laboratory
Yale University
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FIGURE 3
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Symbols

f? . mean radius of the ring

as radius of the toroidal 0i'O55 section

S= anuar velocity of fluid (constant over .)

ea kimntic energy of vortex

a4 momentum of vortex
Sa , vortex strength( r/

a- density of the liquid

S~tream fito

0 %pressure defioiency

At a time of duration

V - linear velocity of ring along axis (pep. to
its plane) through Center

• r5 a position vectors

• ,w point co-ordinates In a plane

a = distance of ring from the bottom

SECRET
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The following pertinent relations for a ring vortex for which Re r*
an-e derived in Reference b (p. 233) and copied in Reference at

2o1 Ro YUf& -a

2. IC 8- 9
The momentum of the ring to obtained from Reference b, p. 231

equation (3) as

A aross section through the ring showing the stream ianes is pictured

in Reference b page 230. The case of a ring approaching a wall which

is parallel to its plane (i.e. the bottom) Is disoussed in Reference b

and, more completely, In Refererce a. As the ring approaches the wall

it slows down and spreads out laterally (i.e. R. increases with time)

with a velocity (V)parsalle to the wall t

~4. VO -

4r4
This produces a (radial) flow of fluid along the wall and consequently,

by Bernoulli's theorem, a pressure deficiency (A) there. The

rigorous calculation of the velocity ( (h ) of the fluid along the wall

is an impossibly difficult mathematical problem and recourse must be

had to a somewhat rough approximation. Namely, the problem In reduced

to one in two dimensions by considering a linear vortex filament and

SECRET
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its Image moving parallel to the wall with velocity V at a distance e,

(Fig.3). As shown in Reference b, the motion of such an element may

be considered in terms of an Image element of equal and opposite

vorýticty at Gistance "a" behind the wall. The element and its Image-

then Move paallel to the wall with a velocity at a constant

distance 2" alert,,

The siam function (Reference b9 page 216) is then:

5.orV

This is a relative stream function i°e., it takes account of the linear

motion of the vortex elements, by Impressing an the refurence frame a

velocity Ve in the positive - direction. Cleasrly the X -axis

represents a stream line (4) 0 ) In order to compute the velocity

of the fluid near the X -axis (i.e. the wall) we proceed as follows:

Since

6.

where a,• Ir are. the velocities in the % and Vodirection respectively

we consider a point (X, ) very near the wall. From Fig. 3 then we

have

ioe.a

+
SECRET
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Whence

Kill ~ (cl.+c)(a) ±

If now we let ,4-0 we get

_. 2 (43 ~

A similar calculation show.s that "Tu ) , hence the velocity of the

fluid is entirely tangental at the wall. We may now proceed to

compute the pressure daficiency (AP ) comparing the region near the

vortex element with iegions remote from it where the pressure is PO o

Now when icewhen 00 ,-'Q clearly W," -\k4 from the above

equation. T1 means that, the reference frame to which LU is referred

has impressed on it a velocity V. It the positive - direction --

a fact, already mentioned, Iimplieit in the stream function V from

whictý M is derived. In a'pliying Bernoulligs theorem we must do .the

same for those regions remo~e from the vortex ( p) )

Hence
a.÷ -= z"VY-.•

1'.-t t (0 :Z 2 - 6o

Clearly this function has a maxitmm at 0*0 ((=0) and is zero at 8x 45

Xand atXV.10 At = -L a, very nearly --

hence we may choose this value for sweeping, noting that it is at least

this amount over the interval-s' % o Calling this value A

if the necessary time of application be t then
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10. . . At IS
Equation (10) permits us to estimate the strength of vortex

required to sweep a mine, for J xv 4 inches water. At j7. 1Z

Kf-.#10 OM14

Using equation (3) the momentum for a ring 1 00 &.

(diameter ',- 6 ft.) is

M --- I, (1o' ) 6 10" dynd. 10

This is of the order of the recoil momentum, on discharge, of a

16-inch gun.*

Again, from equation (1) the kinetic energy of the ring will be:

In the event that the ring must be produced in a time r.S so*.

this will require a peak power of:

- 100 e./See e-..4 500. 000 HP

Finally the velocity of the ring toward the bottom will be:

For larger ring diameters the momentum and energy will be Increased

and the launching velocity decreased.

Assumed weight of shell 1 ton, muzzle velocity 3000 ft/s$*.

Also assumed that the time of djschLrge of the shell Is the same

order as the time of formation of the vortex ring ( J . m.)e .


